Objective: To evaluate the validity and reliability of the structured Composite International Diagnostic Interview (CIDI) in diagnosing current major depressive disorder (MDD) among East African adults. Methods: A sample of 926 patients attending a major referral hospital in Ethiopia participated in this diagnostic assessment study. We used a two-stage study design where participants were first interviewed using an Amharic version of the CIDI and a stratified random sample underwent a follow-up semi-structured clinical interview conducted by a psychiatrist, blinded to the screening results, using the Schedules for Clinical Assessment in Neuropsychiatry (SCAN) instrument. We tested construct validity by examining the association of the CIDI and World Health Organization Quality of Life (WHO-QOL) questionnaire. We calculated the psychometric properties of the CIDI using the SCAN diagnostic interview as a gold standard. Results: We found that the Amharic version of the CIDI diagnostic interview has good internal reliability (Cronbach's alpha = 0.97) among Ethiopian adults. Compared to the SCAN reference standard, the CIDI had fair specificity (72.2%) but low sensitivity (51.0%). Our study provided evidence for unidimensionality of core depression screening questions on the CIDI interview with good factor loadings on a major core depressive factor. Conclusion: The Amharic language version of the CIDI had fair specificity and low sensitivity in detecting MDD compared with psychiatrist administered SCAN diagnosis. Our findings are generally consistent with prior studies. Use of fully structured interviews such as the CIDI for MDD diagnosis in clinical settings might lead to under-detection of DSM-IV MDD. 9. Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific plan, or a suicide attempt or a specific plan for committing suicide.
INTRODUCTION
Mental health problems in developing countries are largely overlooked despite their high prevalence, their adverse economic impact on families and communities, and their contribution to long-term disability [1] [2] [3] . Major depressive disorder (MDD) is a significant contributor to the global burden of disease [4] . However, its recognition and treatment remain low in developing countries due to challenges such as a shortage of skilled mental health workers, stigma associated with mental illness, lack of cross-culturally validated measurement tools, and the prominence of somatic presentations of mental disorders [3, 5, 6] .
The Composite International Diagnostic Interview (CIDI) is a fully standardized structured diagnostic interview designed for assessment of mental disorders by trained lay interviewers. The CIDI, developed by the World Health Organization (WHO) , is widely used as a research diagnostic interview to obtain information about the prevalence and correlates of mental disorders from large community samples in different countries [7] [8] [9] [10] . A number of studies have demonstrated the validity of the CIDI diagnostic assessment against a trained clinical interviewer [7, 9, 11] . Since its development, the instrument has been widely used in community-based and healthcare settings worldwide. The first version of the CIDI did not adequately and consistently measure risk factors, consequences, patterns, and correlates of mental health problems [9] . It also had some methodological limitations, including complexity of questions and instructions, which hindered its application in cross cultural settings [9] . Cognizant of these limitations, the WHO charged a multinational CIDI Editorial Committee to test the instrument in many different countries and established the WHO World Mental Health (WMH) Survey Initiative in 1998. Since then the CIDI has gone through a number of revisions to make the diagnostic sections in accordance with the Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) and International Classification of Diseases 10th edition (ICD-10) systems. The CIDI is currently the most widely used fully structured diagnostic interview in psychiatric epidemiologic research [9] . In 1993, a group of investigators assessed the feasibility and acceptability of an Amharic language translated CIDI version 1.0 among residents of Addis Ababa, Ethiopia [12] . The primary purpose of their study was to assess feasibility and acceptability of the instrument. However, the diagnostic validity (clinical appraisal) of the instrument against a gold standard has not been established [12] . The new version of the CIDI (version 3.0) has been used in Nigeria and South Africa as part of the WMH survey [13] . To date, however, there is no published literature reporting the validity of the CIDI version 3.0 in sub-Saharan Africa. This study aims to address this gap in the literature by evaluating the validity and reliability of the CIDI version 3.0 for detecting depression among adults in Ethiopia, the second most populous African country, using a psychiatrist-administered Schedules for Clinical Assessment in Neuropsychiatry (SCAN) reference (or gold) standard.
METHODS AND MATERIALS

Study Population
Adults (³ 18 years of age) attending outpatient departments in St. Paul General Specialized Hospital in Addis Ababa, Ethiopia were invited to participate in the study. The hospital is the second largest public hospital in Ethiopia and serves as a referral and teaching hospital. Patients attending outpatient departments were invited to complete an interview where a trained research nurse interviewer administered the CIDI instrument in a private room. During this interview other general information was collected including sociodemographic characteristics, quality of life, and self-reported health status. Participants were also asked nine depression screening questions from the Patient Health Questionnaire (PHQ-9) [14] . The items selected correspond to the criteria for the diagnosis of MDD based on DSM-IV [15] . Those who screened positive for depression on initial interview (i.e., positive on PHQ-9), as well as a randomly selected sub-group of participants who screened negative for depression (i.e., screen negative on PHQ-9) were invited for a diagnostic interview with a psychiatrist who was blinded to the CIDI and PHQ-9 screening outcome. This psychiatrist-administered SCAN diagnostic interview was completed after the initial CIDI interview within the same day.
Study Design
The study followed a two-stage design in which study participants first underwent a structured interview using the CIDI. Subsequently, participants' MDD status was verified by a psychiatrist-administered diagnostic interview using the SCAN instrument.
Study Procedures
The data collection was conducted between June and December 2011. Research nurses were recruited and received structured training on administration of the CIDI at Addis Continental Institute of Public Health. The training program was similar to the one that the principal investigator had attended at the Social Survey Institute at the University of Michigan (WHO Training Center). In addition to the structured training course for the interviewers, item-by-item description of questionnaires and role plays were used further by two days of debriefing and review after each interviewer had done at least three practice interviews. Two clinicians (DW and AL) who practiced psychiatry for many years applied the SCAN. Both had formal training on SCAN and were supervised by a senior psychiatrist (TS) who received SCAN training at WHO-designated SCAN training center. To ensure highest quality of data collection, while interviewers were in the field, they were provided strict on-site supervision and support. All paper and pencil recorded questionnaires collected manually were entered using Blaise version 4.6 (Statistics Netherlands), which contained the entire WMH-CIDI algorithm along with an automatic checking mechanism to identify item omissions and unusual responses.
Composite International Diagnostic Interview (CIDI version 3.0)
We used the depression and mania modules of the CIDI 3.0 to diagnose MDD. The CIDI interview, designed for administration by trained lay interviewers, includes three screening (known as STEM) questions about sadness/depressed mood, feelings of discouragement, and loss of interest lasting several days or longer (see Table 1 ). Participants who endorsed any of the three questions were given the depression module. Those who failed to endorse any of the three STEM 3. Have you ever had a period lasting several days or longer when you lost interest in most things you usually enjoy like work, hobbies, and personal relationships?
Major Depressive Disorder algorithm
A. Five (or more) of the following symptoms have been present during the same 2-week period and represent a change from previous functioning; at least one of the symptoms is either (1) depressed mood or (2) loss of interest or pleasure.
Part 1 AND Part 2.
Part 1. Symptoms have been present during the same 2-week period and at least one of the symptoms is either (1) depressed mood or (2) loss of interest or pleasure.
Part 2. At least five of the following symptoms must be present and represent a change from previous functioning:
Note: "change from previous functioning" is implicit in the item corresponding to each symptom (e.g., "more than usual," "less than usual").
1. Depressed mood most of the day, nearly every day, as indicated by either subjective report (e.g., feels sad or empty) or observation made by others.
2. Markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly every day (as indicated by either subjective account or observation made by others).
3. Significant weight loss when not dieting or weight gain (e.g., a change of more than 5% of body weight in a month), or decrease or increase in appetite nearly every day.
4. Insomnia or hypersomnia nearly every day.
5.
Psychomotor agitation or retardation nearly every day (observable by others, not merely subjective feelings of restlessness or being slowed down).
6. Fatigue or loss of energy nearly every day.
7. Feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) nearly every day (not merely self-reproach or guilt about being sick).
8. Diminished ability to think or concentrate, or indecisiveness, nearly every day (either by subjective account or as observed by others).
questions were skipped out of the depression module. In accordance with DSM-IV criteria, we defined MDD as the presence of five out of nine depressive symptoms that persist for two weeks or longer, are present for most of the day nearly every day, and cause significant distress or impairment. These symptoms include dysphoric mood or anhedonia (cardinal symptoms) that persist most of the day, and clinically significant weight gain/loss or appetite disturbance, insomnia or hypersomnia, psychomotor agitation or retardation, fatigue or loss of energy, feelings of worthlessness or excessive guilt, diminished ability to concentrate or think clearly, and recurrent thoughts of death or suicide. For the purposes of this validation study, we defined current MDD as experiencing MDD in the past 12 months without plausible organic causes and without history of mania or hypomania [7, 9] .
Schedules for Clinical Assessment in Neuropsychiatry (SCAN) Diagnosis
The SCAN is a semi-structured clinical interview developed by the WHO for use by trained clinicians to assess and diagnose psychiatric disorders among adults [16, 17] . The SCAN was developed within the framework of the WHO and the National Institute of Mental Health (NIMH) Joint Project on Diagnosis and Classification of Mental Disorders, Alcohol and Related Problems [16] . The use of the SCAN gives flexibility in the diagnosis of mental disorders based on ICD-10 and DSM-IV [16] . The depressed mood and ideation module of SCAN has been reported to work well in different languages and cultures including Ethiopia [18] . For the current study, we used SCAN administered in Amharic as a reference (or gold) standard. All SCAN interviews (and diagnoses) were conducted without knowledge of the results of initial CIDI interviews. A total of 384 participants were invited to participate in the SCAN diagnostic interview (178 who screened positive and 276 who screened negative) and 363 of them agreed to do so (94% of selected positive screens and 95% of selected negative screens).
World Health Organization Quality of Life Questionnaire
The WHO Quality of Life questionnaire (WHO-QOL) [19] is a cross-cultural assessment tool that captures an individual's perception of their position in life in the context of culture and value systems in which they live and in relation to their goals, expectation, standards, and concerns [19] . In this study we used the abbreviated version of WHO-QOL (also known as WHOQOL-BREF) which has 26 items. The overall percentile score for each domain ranges from 0% (very poor) to 100% (very good).
Statistical Analysis
Completed data collection instruments were assessed for quality and completeness. Data from CIDI 3.0 paper and pencil interview (PAPI) were entered using direct data entry (DDE) software. After data checking and cleaning, the data were transferred to Stata 11.0 software (Statacorp, College Station, TX) for analyses. Standard descriptive statistics was performed. Participants' characteristics were summarized using means (± standard deviation) for continuous variables with symmetric distribution and median (interquartile range) for variables with non-normal distribution and counts and percentages for categorical variables. Variables with skewed distributions were transformed into the natural logarithms and summarized using medians (interquartile range).
Diagnostic Validity Measures
We assessed the construct validity, which is defined as how a test measures the underlying construct of depression [20] , on the total sample (N = 926) using two approaches. First, we used exploratory factor analysis (EFA) to assess the factor structure of the symptoms of depression. Promax oblique rotation was performed because depression symptoms may be inter-correlated with each other. The number of factors to extract was determined by using the criterion of eigenvalue greater than one and the scree plot (shown in Figure 1 ). Next, we used the WHO-QOL questionnaire to assess the associations between depression and quality of life. To test this hypothesis, we used a Student's t-test to compare mean WHO-QOL scores between those classified as depressed (yes/no) according to results from our administration of the CIDI depression screening instrument. The WHOQOL-BREF has been used in diverse cultural settings including sub-Saharan Africa with mean values for healthy subjects ranging from 67% to 89% [21] .
We evaluated the criterion validity by determining the concordance between the CIDI and SCAN clinical diagnosis. We computed the following parameters: sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, positive predictive values, and negative predictive values for the presence or absence of MDD [22] . Given the likelihood of referral or verification bias, we implemented two analytical strategies to assess and correct for bias introduced as a result of our two-stage study design. First, we evaluated the psychometric properties of the CIDI by excluding all participants with unknown true depression status (i.e., those not selected for a psychiatrist administered diagnostic interview using the SCAN depression module) from analyses. Then, we reported Begg and Greenes adjusted estimates of psychometric properties of the CIDI, where the estimates were corrected for verification bias using inverse probability weighting approach [22] [23] [24] .
RESULTS
A summary of selected sociodemographic and lifestyle characteristics of study participants is presented in Table 2 . A total of 926 participants with an average age of 35 ± 11 years, ranging from 18 to 69 years were included in the study. The majority of participants were women (61.3%) and married (52.5%). Approximately 4% of participants reported that they were current smokers and 9.6% of participants reported drinking at least one alcoholic beverage per week. Khat 1 chewing was reported by 5.3% of participants. Approximately 44% of participants reported having a fair or poor physical health status, while 33.5% reported poor mental health status.
Lifetime prevalence of depressive symptoms derived from response to the initial CIDI STEM questions for depression is presented in Figure 2 . The most commonly endorsed depressive symptom was feeling sad, empty, or depressed (54.6%) followed by feeling discouraged (42.6%).
Distributions of the sociodemographic and lifestyle characteristics according to participants' current CIDI MDD status are shown in Table 3 . Overall, the 394 / GELAYE ET AL. 12-month prevalence estimate of the CIDI MDD in the total 926 sample was 6.5% (95% CI, 4.9-8.1) ( Table 3 ). Distributions of the sociodemographic and lifestyle characteristics according to participants' CIDI MDD status are also presented in Table 3 . Those who were classified as depressed were less likely to be married, more likely to be smokers, and more likely to report poor physical and mental health. A total of 46 patients fulfilled the DSM-IV criteria for MDD using the SCAN depression module. Women were more likely to be diagnosed with MDD (14.4%; 95%CI 11.5-17.4%) than men (6.0%; 95%CI 5.4-6.5%).
Overall, participants diagnosed with MDD, as compared with those not diagnosed, were more likely to have lower educational attainment, to be divorced or widowed, and to report poor physical and mental health status. The exploratory factor analysis of the CIDI depressive symptoms questions showed that a rotated factor solution contained one factor with eigenvalues greater than 1.0, which accounted for 84.3% of the variance (Table 4 ). Item loadings ranged from 0.54 to 0.95. Depressed mood, diminished ability to concentrate or think, and change in appetite were most strongly related to the underlying construct (loading values over 0.90). Anhedonia and suicidal thoughts were the next items strongly related to the underlying construct. For these two variables the correlation between the item and the construct was over 0.85. The items that loaded least strongly included psychomotor agitation or retardation (0.54) and worthlessness or excessive or inappropriate guilt (0.75). The WHO-QOL scores for physical, psychological, social relationship, and environmental domains are summarized in Table 5 . Since the scores have fairly symmetrical distributions, we provide mean (SD) summaries. The mean WHO-QOL scores for depressed women were significantly lower in each domain as compared to men. Across all domains for both men and women, the mean scores for those classified as depressed were significantly lower than those not depressed. For instance, psychological domain participants with MDD, compared to non-depressed, were more likely to have lower mean WHO-QOL scores (46.9 (SD = 18.8) versus 57.6 (SD = 17.5), p < 0.001). Similar significantly lower mean WHO-QOL scores were noted for social relationship and physical and environmental domains. Table 6 shows the psychometric characteristics of CIDI using SCAN as a gold standard. First, we evaluated the psychometric properties of the CIDI by excluding participants not selected for a psychiatrist-administered diagnostic interview using the SCAN depression module. The sensitivity and specificity of the CIDI for all participants were 43.5% (95%CI: 28.9-58.9%) and 77.9% (95%CI: 72.9-82.4%), respectively. The positive predictive value for detecting MDD with the CIDI was 22.4%, and the negative predictive value was 90.5%. After adjusting for verification or referral bias, the sensitivity was 51% (95%CI: 41.3-60.6%) and specificity was 72.2% (95%CI: 68.7-75.6%). The positive predictive value for detecting MDD with the CIDI assessment was 22.4%, and the negative predictive value was 90.5%. The sex stratified analysis showed that sensitivity was higher in women (sensitivity = 56.1% and specificity = 69.3%) compared with men (sensitivity = 45.0% and specificity = 73.3%).
DISCUSSION
Our results provided evidence that the Amharic version of the CIDI is a tool with high internal reliability (Cronbach's alpha = 0.97) among Ethiopian adults. Our study also provided strong evidence for the construct validity of the Amharic version of the CIDI in diagnosing MDD. The factor analysis revealed unidimensionality of core depression screening questions with good factor loadings on a major core depressive factor. Adults classified with MDD by the CIDI had lower quality of life scores across physical, psychological, social relationship, and environmental domains. Compared to SCAN reference standard, the CIDI is modestly effective in MDD diagnosis with a moderate specificity (72.2%) but low sensitivity (51.0%). Finally, the CIDI was most successful at identifying a person without MDD (with a good negative predictive value of 90.5%). In other words, a person who was identified as non-depressed using CIDI had more than 90% probability of not having MDD diagnosis using SCAN. However, a person who identified as depressed using CIDI had 22% (PPV) chance of having MDD diagnosis using SCAN. The low PPV could be due to the low prevalence of MDD in our study. The positive LR commonly considered to "rule in disease" of the CIDI was 1.8. The negative LR commonly considered to "rule out of disease" was 0.7. This means that clinically, in similar outpatient settings, patients with MDD are 1.8 times more likely to have an MDD diagnosis using CIDI compared to patients without MDD. Similarly, patients without MDD are 1.4 (1/0.7) times more likely to have negative test results using CIDI compared to those with MDD.
Findings from our study are generally consistent with prior validation studies conducted in other countries. In their study among United Kingdom (UK) residents, Brugha et al. [25] compared the performance of the CIDI in diagnosing 
Notes:
Naïve estimates are using missing completely at random assumption and adjusted estimates are Begg and Greenes estimates. LR+ = positive likelihood ratio; LR-= negative likelihood ratio; PPV+ = positive predictive value; PPV-= negative predictive value.
depression using SCAN diagnostic interview as a reference standard [25] . The authors employed a two-phased study design where participants were initially screened using the CIDI instrument and then evaluated using the SCAN clinical interview. They reported a sensitivity of 50% (95%CI: 12-88%) and a specificity of 87% (95%CI: 81-91%). Similarly, a recent reappraisal study conducted by Haro et al. compared the current version of CIDI (CIDI 3.0) with a clinicianadministered Structured Clinical Interview for DSM-IV (SCID) in a probability subsample of the WHO WMH surveys in France, Italy, Spain, and the United States [11] . The investigators noted a sensitivity of 55.3 % and specificity of 93.7% for MDD. In contrast, Jordanova and colleagues [26] in their study among 105 primary care attendees in the UK, evaluated the diagnostic properties of CIDI with reference to a clinician-administered SCAN. The authors used ICD-10 diagnostic categories to compare the two instruments. Although the concordance for depressive disorders was fair (kappa = 54%), the sensitivity was 100% and specificity of 88%. CIDI prevalence estimates of depression (18.1%) were more than twofold higher compared with SCAN prevalence estimates (7.6%) [26] , although the CIDI estimates are generally conservative compared with semistructured interviews [13] . Reasons for the differences in test characteristics across studies are unclear. We speculate that the lower sensitivity of the CIDI noted in our study and those of others [11, 25] may stem from the fact that the CIDI is a fully-structured interview that employs precisely worded questions that cannot be rephrased or reworded [9, 13, 25] . In addition, the CIDI is designed to be used by lay interviewers, thus does not allow use of clinical judgment; whereas, the gold standard for our comparison was the semi-structured psychiatrist-administered SCAN interview with freedom for probing and rephrasing questions [17] . Moreover, given that a large proportion of patients endorsed the STEM questions of depression (75%), it is possible that the strict skip structure of CIDI led to poor sensitivity. The diagnostic STEM (core) questions used at the beginning of the CIDI and SCAN interviews are similar. However, SCAN allows clinicians to elicit more information based upon open ended probing whereas CIDI follows a strict Yes/No structure [25] . It is important to recognize that relaxing the threshold of the symptoms might be something that merits consideration in future studies. Investigators have discussed the importance of using factor structure when an instrument is applied in a new context or cultural group [27] . However, to date, we are not aware of previous studies that examined the factor structure of CIDI depression screening instrument. Our study provided the first evidence of the unidimensional nature of the depression symptom questions included in CIDI. As shown in our factor analysis, the correlations between the item and the construct for depressed mood, diminished ability to concentrate or think, and change in appetite were over 0.90 showing strong correlation to the construct underlying these items. This is important in that depressed mood is one of the cardinal symptoms of depression; diminished ability to concentrate or think and changes in appetite are secondary diagnostic symptoms. Anhedonia and suicidal thoughts were the next set of items strongly related to the underlying construct. This finding is consistent with what is reported with other depression screening instruments such as the PHQ-9 [28] .
Several potential limitations must be considered when interpreting results from our study. First, our study was conducted in a clinical setting. Some investigators have noted that in community-based studies of CIDI, respondents were more comfortable admitting personal or socially unacceptable feelings and behaviors to lay interviewers than to clinical interviewers [7, 29] . The concordance of our results with those from other studies that have included community-based samples, however, serve to attenuate some of these concerns. It will be important for future studies to evaluate the diagnostic validity of the Amharic version of the CIDI within the general population. Second, to ensure proper expression and conceptualization of terminologies in local contexts, we used a standard approach of iterative back translation by panels of bilingual experts. Some investigators have noted that that standard translation and back-translation procedures might be inadequate to produce a culturally valid version of these instruments in non-Western countries [30] . Future studies in our setting need to evaluate how harmonization and adaptation might increase the accuracy of fully-structured diagnostic interviews in assessing mental disorders. Third, some investigators have argued that semi-structured diagnostic interviews such as SCAN or SCID do not represent a valid gold standard, as neither perfectly reflects the DSM diagnosis [13] . Hence, they suggest evaluating the standard psychometric properties with performance measures such as sensitivity or specificity may not be appropriate. Furthermore, it is important to recognize that the self-report of subjective symptoms is an inherent problem in measurement of mental disorders in clinical and research settings that cannot be solved by use of any standardized instruments such as SCAN or SCID [31] . Notwithstanding the noted limitations, our study has several strengths. First, we used strict protocols of a two-stage study design and appropriate statistical analysis ensuring there is no verification bias. Second, psychiatrists who administered the criterion reference standard SCAN were blinded to the results of the CIDI interviews.
In conclusion, this study provided fundamental information concerning the reliability and validity of an Amharic language translated CIDI for depression diagnosis among Ethiopian adults. Knowledge gained from this study will facilitate efforts in identifying unmet mental health needs and improving mental health services. There is epidemiologic evidence suggesting that locally validated screening instruments can be used by non-physicians and community health workers [32] . The benefits of having well-characterized instruments like the CIDI in low income and resource limited clinical and research settings are far reaching [33, 34] . First, they have the ability to provide reliable local data on specific disorders. Having local data compels health personnel and policy makers in specific countries or regions and to evaluate unmet needs and to evaluate implementation of health programs and policies. Second, they can be used to evaluate modifiable risk factors associated with depression in the local context. Last, they provide a basis for designing and evaluating the impact of intervention programs [35] [36] [37] . Given that semi-structured interviews such as SCAN are time-demanding, expensive, and require a trained clinician, the use of fully structured interviews like CIDI is critical. However, in light of our findings and those of others, researchers should interpret the findings of these surveys in the general population cautiously.
